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Stonecats (Noturus flavus, Rafinesque 1818) are designated as a Vermont state-
listed endangered species because their known distribution is limited to two systems, the 
LaPlatte and Missisquoi rivers. The restricted distribution and lack of knowledge on 
abundance in either river is cause for concern in the continued survival of these 
populations. Based on the capture numbers and large size range of individuals, we 
predicted that the population in the LaPlatte River, which provides quality benthic 
habitat, is stable. However, the Missisquoi River population has the potential for 
increased intermittent mortalities from two sources, lampricide (3-trifluoromethyl-4-
nitrophenol) treatment every four years and dewatering during drought conditions. In 
2012, 2013, and 2014 we captured, PIT tagged (> 90 mm total length), and VIE marked 
all Stonecats collected using backpack electrofishing and minnow traps in the LaPlatte 
and Missisquoi rivers. A total of 1252 were PIT tagged in the LaPlatte River and 125 in 
the Missisquoi River. First we estimated survival and seniority of Stonecats in the 
LaPlatte River, using the Pradel model in Program Mark, and derived an average annual 
lambda of 0.9826. The population estimates from the LaPlatte River were modeled in a 
population viability analysis (PVA). Few Stonecats were captured in the Missisquoi 
River, so we used the PVA model to estimate the extinction rates with increased 
intermittent mortalities on 4-, 6-, and 8-year cycles to predict the long-term viability of 
the population. With an initial number of 2000 individuals, the population became extinct 
100% of the time with an increase in mortality of 0.1 on a 4-year cycle. Our results 
indicate that the LaPlatte River population is stable, but the Missisquoi River population, 
in the area affected by lampricide, is not. These results are informative for developing 
future management scenarios, however, our approach has uncertainty that can only be 
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INTRODUCTION 
In Vermont, U.S.A., the Stonecat was listed in 1994 as endangered by the 
Vermont Agency of Natural Resources because its known distribution is limited to two 
tributaries of Lake Champlain, the LaPlatte and Missisquoi rivers (Langdon et al. 2006). 
The restricted distribution and lack of knowledge on abundance of Stonecats in each river 
were causes for concern in the continued survival of these populations. The aim of this 
study was to increase our knowledge of the Stonecats in the Missisquoi and LaPlatte 
rivers and to evaluate the current and future status of Stonecats in Vermont. This thesis 
includes a population evaluation for the LaPlatte River using a mark- recapture 
methodology. A population viability analysis for the Missisquoi River, to estimate the 
probability of the population’s continued survival. We also include estimates for length at 
age for Stonecats. Lastly, we include the collection data from the Missisquoi River.   
Chapter 1 hypothesizes that the LaPlatte River has a stable population of 
Stonecats. This is because there has been continued successful sampling of Stonecats in 
this river and there are no known human-induced mortality events. We did this using a 
mark- recapture methodology. The data collected were used in Program MARK to 
estimate three vital population parameters: 1) the probability of capture (the probability 
that an individual will be captured, given it is present in the population), 2) apparent 
survival (the probability that an individual will survive and remain within the biotic 
system), and 3) seniority (the probability that an individual was present in the population 
in previous time steps) for individuals. From these probabilities, we derived an estimate 
of lambda (λ), a rate of population change. In a stable population, λ = 1 and indicates an 
unchanging population size, whereas λ > 1 indicates a growing population and λ < 1 
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indicates a declining population. Our study provides the first estimates of these key 
parameters for Stonecats in Vermont.   
Chapter 2 takes the results from the LaPlatte capture-recapture data to run a PVA 
on the Missisquoi Stonecat population. This is important to the Vermont Department of 
Fish and Wildlife because of concerns with the application of lampricide 3-
trifluoromethyl-4-nitrophenol (TFM) on the system every four years.  Despite the 
specificity of TFM for killing Sea Lamprey, some Stonecats have been killed 
inadvertently during TFM treatments in the Great Chazy River, NY, which has a 
relatively large population of Stonecats. There are many types of PVA analyses. We used 
a single population model with demographic stochasticity to predict the probability of 
extinction (Boyce 1992; Reed et al. 1998). Our objectives for the Stonecat PVA analysis 
were to test for probability of extinction given a variety of scenarios. Specifically, we 
altered the additional mortality rate and the number of years between stress events, such 
as TFM, in a formal PVA analysis.  
 In Chapter 3 we use mark-recapture data and age estimates from individuals 
collected in the neighboring population of Stonecats in New York to estimate length at 
age for Stonecats in this geographic region.  We derived a von Bertalanffy growth 
equation using age estimation data from Stonecats collected in New York and we used 
the Fabens growth model, which is useful for endangered species, for marked and 
recaptured Stonecats collected in Vermont. Age estimates are often used to assess 
populations, predict impacts, and monitor changes in age structure through time. This 
information also adds to the knowledge base of basic Stonecat life history traits of which 
very little is known.  
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 CHAPTER 1: LITERATURE REVIEW 
 This literature review covers the broad topic of the life history and biology of 
the study organism. Background on the Stonecat throughout its range and in Vermont is 
included as well as previous sampling efforts for Stonecats and details on lampricide 
treatment in the Missisquoi River. Finally, I have included the subtopics relevant to the 
methods I used to collect Stonecats, and to analyze and model the data in this thesis.  
 
Background on Madtoms and Stonecats 
Genus Noturus Description 
Stonecats (Noturus flavus, Rafinesque 1818) are in the Ictaluridae family (North 
American catfish) and the Noturus (madtom) genus (Page and Burr 2011). As of 2011, 
there are 29 described species of Noturus, which makes Noturus the most species-rich 
genus of the Ictaluridae family. Six Noturus species are listed on the federal threatened 
and endangered species list, including N. crypticus, N. placidus, N. stanauli, N. 
trautmani, N. baileyi, and N. flavipinnis (U.S. Fish and Wildlife Service 2012). In 
addition, some Noturus species are listed only at the state or provincial levels. 
Reproduction and Life History  
Stonecats mature at ages 3 or 4, and of Noturus species, Stonecats are the oldest at 
maturation (Walsh and Burr 1985). Spawning occurs from May to August, depending on 
location (Gilbert 1953; Carlander 1969; Scott and Crossman 1972; Walsh and Burr 1985; 
Brewer et al. 2006). Water temperatures at the time of spawning range from 17 to 27 ºC 
(Brewer et al. 2006), although peak spawning occurs in June and July when water 
temperatures are around 25 to 27 ºC (Greeley 1929; Gilbert 1953; Scott and Crossman 
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1972; Walsh and Burr 1985). Low summer temperatures at the northern edge of their 
range have been implicated in the low abundance of some Stonecat populations (Kline 
and Morgan 2000; Pollard 2004).  ! A!female!produces!from!767!to!1205!eggs!(Carlander 1969). A!regression!of!fecundity!(fecundity=!<321!+ 5.9 *standard!length!(SL);!r2!=!0.68)!was!estimated!by!Walsh!and!Burr!(1985). The eggs are yellow, 3.5-4.0 mm in diameter, and coated in jelly 
to form a rounded mass (Greeley 1929; Scott and Crossman 1972). The morphology of 
egg to larval stage of Stonecats has been described (Simon and Burr 2004); however, the 
number of days to hatching is unknown. !! Stonecats spawn in the rocky areas of streams, or shallow lakes, laying their 
eggs under large rocks (Greeley 1929; Scott and Crossman 1972; Walsh and Burr 1985). 
They may spawn in deeper areas of the stream compared to the areas they occupy at other 
times of the year (Brewer et al. 2006). At least one parent guards the nest until hatching, 
but it is unclear if both sexes are involved or just males (Greeley 1929; Carlander 1969; 
Scott and Crossman 1972; Walsh and Burr 1985). The only sexual dimorphism is 
displayed during spawning when females have a slightly larger abdomen (Walsh and 
Burr 1985). 
Size and Age Structure of Populations 
Stonecats are generally the largest of the Noturus spp. (Walsh and Burr 1985). A 
312-mm (total length, TL) Stonecat from Lake Erie, Ohio is the longest on record 
(Gilbert 1953). The average size of an adult Stonecat is 152 and 203 mm TL with 
maximum age of 8 to 10 years (Scott and Crossman 1972). Stonecats from Lake Erie  
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were larger on average than those in Ohio streams, perhaps because of greater access to 
food resources (Gilbert 1953).  
Most individuals from streams rarely live longer than six years and have an 
average total length of 180 mm (Walsh and Burr 1985). A high degree of overlap exists 
with length-at-age for individual Stonecats (Table 1; Gilbert 1953; Paruch 1979; Walsh 
and Burr 1985). Knowing length-at-age provides a population’s current age structure, 
which allows estimation of the future size structure of the population. 
Morphological defenses-spines  
Catfish species, both marine and freshwater, are known for their painful stings 
from spines (McKinstry 1993). Madtom stings are known to be particularly painful, 
ranging from symptoms producing swelling, complete numbness, infection, and, in one 
instance, death (McKinstry 1993). In the genus Noturus there are four different types of 
pectoral spines that inflict pain: smooth spines with no venom gland, smooth spines with 
a venom gland associated with the base of the spine, serrated spines with a venom gland 
at base, and serrated spines with posterior serrations and gland at the base of the shaft 
(Egge and Simons 2011). Stonecats have a smooth spine with a venom gland at the base 
of the spine, which functions much like a hypodermic needle (Egge and Simons 2011).  
The chemical makeup of the toxin is unknown, but is assumed to be a 
combination of several proteins (Birkhead 1972; McKinstry 1993; Egge and Simons 
2011). In tests on other fish species, the toxicity of the venom from each Noturus species 
ranged from no reaction to extremely severe reaction (Birkhead 1972). There is no direct 
association between size of the madtom, or type of spine and its toxin effects (Birkhead 
1972). Madtoms also have a similar toxin that is excreted through the epidermis (Reed 
  6 
1924; Egge and Simons 2011).  One hypothesis for the development of the toxin in the 
gland is in response to predatory pressure (Birkhead 1972; Egge and Simmons 2011).  
Geographic Range 
 Stonecats occur in Montana in the West to throughout the Mississippi basin 
including Oklahoma and Alabama, and reaches into the southern provinces of Canada 
including Alberta, Manitoba, Quebec, and Ontario (Figure 1; McCulloch and Stewart 
1998; Pollard 2004). Stonecats are common throughout most of their range and are not 
listed for any type of federal protection. In some locations, Mississippi, Tennessee, 
Virginia, and Alberta, Canada, Stonecats are in need of conservation, but are not state- or 
provincial-listed (Pollard 2004; Mississippi Museum of Natural Science 2005; Tennessee 
Aquatic Nuisance Species Task Force 2008; Virginia Department of Game and Inland 
Fisheries 2010). 
Habitat Preferences 
 Stonecats occupy a wide range of habitats including pools, the main channels of 
large rivers such as the Mississippi, Ohio, and Missouri, and the rocky lakeshore of Lake 
Erie (Gilbert 1953; Walsh and Burr 1985; Layher and Wood 1986; Langdon et al. 2006). 
Stonecats have been captured in depths up to 9 m in Lake Erie (Greeley 1929). Stonecats 
prefer areas with cover and are most often observed in crevices, between boulders, and 
have been observed burrowing into gravel (Pollard 2004). Although Stonecats are 
observed in all substrate types from silt to boulder, they are most often in rocky substrate 
such as gravel and cobble (Table 2; Wentworth 1922).  
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In streams Stonecats occur mostly in riffles with relatively swift current 0.1-1.0 
m/s) and <1 m depth (Table 3; Greely 1926; Layher and Wood 1986; McCulloch and 
Franzin 1996; Kline and Morgan 2000; Banks and DiStefano 2002).  
Variation in the habitat types occupied may be due to seasonal movement. Other 
Noturus species, such as the Neosho madtom (N. placidus), move into shallower areas as 
breeding adults (Bulger and Edds 2001). There is no evidence of large-scale movement in 
Stonecats, but there is evidence of seasonal variation of habitat between spawning and 
overwintering locations (Bulger and Edds 2001; Pollard 2004; Brewer et al. 2006). 
Occurrence of Stonecats in Vermont 
The Stonecat is the only Noturus spp. present in Vermont and is listed as 
endangered by the Vermont Agency of Natural Resources (Langdon et al. 2006). Three 
other Ictalurids occur in Vermont: Brown Bullhead (Ameiurus nebulosus), Yellow 
Bullhead (A. natalis), and Channel Catfish (Ictalurus punctatus) (Langdon et al. 2006). 
Vermont is the eastern most part of the range (Figure 1) and the only known locations of 
Stonecats in Vermont are the LaPlatte and Missisquoi rivers, including Hungerford 
Brook, a tributary to the Missisquoi River (Langdon et al. 2006; K. Cox, Vermont Fish 
and Wildlife (VTFW), unpublished data). Other Lake Champlain tributaries, between the 
LaPlatte and Missisquoi rivers have been sampled for various purposes and Stonecats 
have not been observed (K. Cox, VTFW, unpublished data).  
In 2006 and 2007, Stonecats were captured using fyke nets in the Missisquoi 
River between Swanton Dam and Highgate Dam while conducting sampling for Northern 
Pike  (Esox lucius) (S. Good, VTFW, unpublished data). In 2006, a total of 26 Stonecats 
ranging in length from 153-231 mm TL were captured and. 9 Stonecats were collected in 
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2007 and those ranged from 190-226 mm TL. The nets were in approximately the same 
location, although many of the captures came from the confluence of Hungerford Brook 
in the Missisquoi River. In 2008, during the lampricide post-treatment assessment in the 
Missisquoi River, 22 Stonecats were collected (K. Cox, VTFW, unpublished data).  
A pilot study to determine effective stonecat sampling techniques was conducted 
in the LaPlatte River in August 2010 at three sampling locations (K. Cox, VTFW, 
unpublished data). Three gears were used: custom made minnow traps, beverage cans, 
and backpack electrofishing. Only electrofishing was successful with 19 Stonecats were 
captured from all three sampling sites in daytime sampling and 35 Stonecats were 
captured from a single site at night. The nocturnal behavior of Stonecats results in greater 
sampling success at night (K. Cox, VTFW, unpublished data). 
Lampricide and Bioassay 
 Stonecats occur in the Missisquoi River, which is treated with lampricide. The 
Great Lakes Fisheries Commission established the Sea Lamprey (Petromyzon marinus) 
control program and have been using lampricide, 3-trifluoromethyl-4-nitrophenol (TFM) 
since 1958 (Seelye et al. 1988). TFM is a chemical applied to streams and tributaries to 
control larval populations of Sea Lamprey, a parasitic species that has detrimental effects 
on several salmonid species and other game fish populations (Brege et al. 2003). TFM 
was originally developed as a molluscicide, but became used solely for Sea Lamprey 
sampling or control (Bettoli and Maceina 1996). TFM targets Sea Lamprey ammocoetes 
that are in the substrate.  The minimum concentration of TFM needed to kill Sea 
Lamprey is affected by pH, alkalinity, temperature, and other external factors (Seelye et 
al. 1988). Because of these interactions, toxicity tests or bioassays are conducted in the 
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river to be treated to determine the minimum lethal concentration (MLC) for Sea 
Lamprey and maximum lethal concentration (MAC) for non-target organisms (Seelye et 
al. 1988). MLC is defined as the minimum concentration (mg/L) needed to kill 100% of 
Sea Lamprey in 9 hours, and MAC is the maximum concentration (mg/L) that kills no 
more than 25% of the non-target organism (Seelye et al. 1988; Neumann et al. 2012). 
 Many bioassays have determined MLC and MAC for specific non-target 
organisms and recently two bioassays were conducted on Stonecats. In 2010 a cage study 
was done in the Two Hearted River, Michigan (M. Fodale, C. Kaye, U.S. Fish and 
Wildlife Service and J. Adams, U.S. Geological Survey, unpublished data). Cages with 
varying numbers of Stonecats were placed at high, intermediate, low, and no (control) 
concentrations of TFM. There was no significant relationship between the location or 
concentration of TFM and Stonecat mortality. The study concluded that Stonecat 
mortalities were the result of stress and confinement and were not sensitive to ratios 
slightly above MLC for Sea Lamprey.  
The second bioassay test used Lake Champlain Stonecats from the Great Chazy 
River, New York.  A total of 10 cages were used, each containing 10 Sea Lamprey and 
10 Stonecats (M. Calloway, U.S Fish and Wildlife Service, unpublished data). TFM, 
diluted by a factor of 0.805, was applied to nine of the cages for 12 hours, with the 10th 
cage serving as a control. The study concluded that Sea Lamprey were much more 
sensitive to TFM than Stonecats, since Stonecats were not affected at TFM 
concentrations ≤ 1.2 MLC. Both reports of the bioassay studies noted that despite 
Stonecat mortalities as a direct result of TFM application, Stonecat populations persisted 
in those systems after multiple treatments. 
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Capture- Recapture 
Capture-recapture is an often used method to assess population dynamics in both 
wildlife and fishery sciences. The type of information needed determines the type of 
mark used, the number of fish needed, the duration of the study, and if it is an open or 
closed design. Tagging studies can be used to estimate a large number of different 
population variables including, abundance, mortality, movement patterns, survival, 
growth rate and mortality (Pine et al. 2012).   
Tagging types 
The type of mark or tag used in a study depends on many factors, the type of 
study, resources available, who is reading the tag, short-term vs long-term tag retention, 
species, and not violating model assumptions (Pine et al. 2012).  If the tag needs to be 
read by a lay person (such as an angler during a harvest mortality study) an external tag 
should be used (Julliard et al. 2001). When individuals need to be tracked through time, 
then an anchor or PIT tag with a unique number should be used. In studies of fish with 
large migrations, satellite tags are preferred because data can be collected without having 
to physically recapture or handle the individual fish.  
To estimate the rate of tag retention, a double tagging approach should be used if 
fish are to be released. This can be done by using either the same tag in two locations, 
attaching two tags, or using two different types of tags such as a PIT tag and a VIE mark 
(Bruyndonx et al. 2002). The important consideration is that the two tags need to be 
independent of each other to allow for loss of one tag. Similar tags in close proximity 
may both be lost in the same event, which would violate the assumption of independence. 
Tag retention can also be estimated using laboratory studies. Tagging individuals then 
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checking daily or weekly for tag loss is very valuable information (Hills et al. 2006). 
Most models used in making estimates of population variables include the assumption 
that no tags are lost or misread. Depending on the study, the severity of violating this 
assumption can result in inaccurate estimates.  
The cost associated with tagging studies will also determine the type of tag that 
will be used. If the fate of any one individual is not necessary, batch marks, such as fin 
clips, would be appropriate. Batch marking is done frequently in hatchery settings. 
Otolith marking using thermal change, or adding a fluorescent dye is used if the 
individual can be killed after collection. Both of these techniques are relatively 
inexpensive. When individuals need to be accounted for, tags that have a unique number 
should be used. Although these are more costly than a fin clip, some types (e.g., anchor 
tags) are less expensive than PIT tags.  
Most importantly the effect tags have on the fish needs to be considered (Phillips 
and Fries 2009).  If a mortality or growth study is being done, a tag that increases the 
likelihood of an individual being consumed should not be used.  Fish size plays an 
important role in choosing a tag; i.e., the tag should not be large enough to affects 
survival and growth of individuals. Tag retention is an important consideration because 
some species of fish (e.g. Channel Catfish) are known to expel PIT tags (Baras and 
Westerloppe 1999). The duration of the study is also a consideration for which tag and 
the expected effect on the study species.  
Open Models 
With long-term studies, open population models are used to obtain estimates. An 
open population means that the study animals are subject to changes in population size 
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through births, deaths emigration or immigration. Open population studies often use 
Jolly-Seber or Cormack-Jolly-Seber models (Lebreton et al. 1992: Schwarz and Arnason 
1996; Schwarz and Seber 1999), because there are multiple capture and recapture 
opportunities. Open population capture-recapture studies do not allow for abundance 
estimates, but do allow for estimates of population change or lambda (λ).  
Some studies are designed for open population studies, because the open model 
allows for estimates of survival and mortality. Most estimates of survival are confounded 
with emigration. Capture-recapture studies cannot differentiate between true mortality 
events or individuals leaving the sampling area. One assumption of open populations is 
that emigration and immigration are random. 
Closed Models 
Closed population studies are ideal for estimating the abundance of a population. 
In closed population studies, assumptions are often more difficult to meet.  A closed 
population means there are no deaths, births, emigration, or immigration. Closed capture-
recapture studies need to occur in a small enough timeframe so that the assumption of no 
deaths or emigration can be met (Schwarz and Seber 1999). In a stream, the closed 
capture-recapture assumptions of no immigration or emigration can be met by using 
block nets to keep fish within the study area. Another way is to keep the time frame short 
between initial capture and recapture.   
The simplest closed capture study uses only two sampling events, and is analyzed 
with the Lincoln-Peterson equation. This method should be tried first when interested in 
estimating population abundance. In a similar manner, a depletion method could be used 
for population abundance estimates. The depletion method uses multiple sampling passes 
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of a single area to estimate both abundance and can be used to estimate the probability of 
capture.  
Other model types and software 
There is an entire suite of other model types based on these two basic open and 
closed population studies. These include, movement (multi-state, multi-strata), age or 
cohort models, telemetry models, recovery analysis, line transect, point transects and 
other similar models (White 1983; Brownie et al. 1993; White and Burnham 1999).  With 
the wide range in different tagging studies there comes a suite of different modeling 
software for analyzing different capture-recapture studies (Schwarz and Seber 1999). 
Some are more flexible than others such as Program MARK and some are specific to 
sampling types like Program DISTANCE. Some only allow for open population 
estimates; i.e., JOLLY or RELEASE. Similarly some programs are designed for only 
closed population studies; e.g., CAPTURE. In addition the predesigned software 
programs in R (RMark) and SAS offer coding to interact with the software with more 
flexibility in model design and in analysis of the results (Prugh and Brashares 2010).  
Pradel Model  
The Pradel model is an open population model that uses recapture histories, 
collected from a capture- recapture technique, to estimate the number of individuals 
leaving (apparent survival) the population, entering (recruitment) the population, and to 
estimate rate of population change, and the probability that an individual was already 
present in the population (Pradel 1996; White and Burnham 1999). There are a number of 
studies that use this technique (Pine et al. 2001; Vellella et al. 2004; Schueller and 
Peterson 2010; Hettinga et al. 2012; Frost et al. 2013).  Software packages, such as 
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Program MARK, use a series of 1’s and 0’s to represent captures and non-captures. 
During a sampling occasion, a 1 means that an individual was captured and a 0 means it 
was not seen. As individuals are captured, marked and released back into the population 
they are subjected to a series of events until the next sampling occasion, specifically 
surviving. Programs like MARK use these individual encounter histories to minimize the 
differences between the observed encounter histories and those predicted by the model 
given a series of covariates (White and Burnham 1999).  
To obtain the population parameters, the Pradel model first calculates the 
probability of capture. Probability of capture is the probability that any individual 
available is captured. Apparent survival is not true survival, it is the probability that an 
individual is alive and remains in the population to be recaptured. The Pradel model is 
unable to discern between permanent emigration and mortalities, this is true also because 
of the study design used with capture-recapture methodologies. This value is not biased 
as long as the emigration and immigration of individuals is random (Pradel 1996). 
Seniority is defined as the probability that if an individual is alive in the population at 
time i that it was also alive in the population at time i-1 (Pradel 1996). In other words, if 
we observe an individual on a sampling occasion, what is the probability that it was alive 
in the previous time step?  Estimating this parameter is done easily in software programs 
because modelers concluded that capture histories could not only be read forward to 
estimate survival, but they could be read backwards to estimate seniority. 
There are a series of assumptions with the Pradel model. All animals captured are 
individually marked, or noted if they are marked and then released (Pradel 1996; Vellella 
et al. 2004). Marks are neither lost nor missed and all individuals have an equal 
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probability of capture. There is no temporary immigration or emigration, unless it is 
random. Individuals are not trap happy or trap shy. The age structure of the population is 
stationary, which means that the derived lambda can be expanded to reflect the 
population as a whole. All animals can be uniquely identifiable and their fates are 
independent of one another. 
One of the powerful characteristics of the Pradel model is if any of the three 
variables can be estimated, other population parameters can be derived (lambda and 
recruitment). Strict population estimates are difficult to obtain when working with an 
open population; therefore, using the rate of population change derived from our 
estimates of survival and seniority is helpful in determining if a population is stable.  
Obtaining the lambda estimate is done using a series of derivations from basic population 
modeling equations (Pradel 1996). We described the number of individuals in a 
population from one time step to the next as  
Eq 1. Ni Φ i=Ni+1Yi+1 
 where Ni is the population at time step one , Φi is the probability of survival for that time 
step, Ni+1 is the population size in the next time step and Yi+1 is the probability that an 
individual was alive in the previous time step. We also know that the change in a 
population is described as: 
 Eq 2. λ= Ni+1/Ni 
With simple division of Ni and Yi+1 from both sides in equation 1 we derive:  
Eq 3. (Φ i / Yi+1)=(Ni+1 / Ni) =λ  
We can use the estimates of survival and seniority to estimate the rate of change in the 
population without having to estimate the number of individuals within the population. If 
  16 
there is a λ> 1 the population is increasing a λ< 1 and the size of the population is 
decreasing and a λ= 1 is a stable stonecat population.  
We also have the ability to derive the probability that an individual entered the 
population in the previous time step. This is strictly defined as Bi/Ni or effectively the 
per-capita rate of additions to the population, or recruitment.   
Eq 4. Bi/Ni = 1-Y 
The derivation is possible since seniority is the probability that an individual was 
alive in the previous time step and one minus this value is the probability that an 
individual entered the population. The probability that an individual entered the 
population is associated with either a birth or immigration event, and referred to as 
recruitment.  
Population Viability Analysis  
Risk assessments are used in a variety of fields. These range from the health field 
and pharmaceutical use, to the probability that a business will be successful. Some of 
these assessments follow a very specific protocol (i.e., OSHA standards), while other 
assessments are tailored to an individual scenario (i.e. successful businesses). There are 
many different terms used to describe the risk to a population in the literature, including 
population viability analyses (PVA) and population risk assessment. Regardless of the 
phrase or terminology, these are a quantitative methods used to model a population given 
specific parameters and objectives.  
PVA modeling can be implemented to answer many different types of population 
questions such as the risk of toxic chemicals on species (Dickerson et al. 1994), the risk 
of an invasive species introduction (Springborn et al. 2001), the risk of a population 
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rebounding given introductions, or reestablishment (Wood et al. 2007; Kindall et al. 
2011; Maslo and Fefferman 2015), and more commonly the risk of a population going 
extinct (Walters et al. 2002; Hudgens et al. 2011; Volampeno et al. 2015). PVA models 
are most beneficial when a management decision has to be made when minimal 
information is available. PVA’s, while structured, can be altered so that different types of 
information available can be incorporated into the decision making process. Key 
demographic parameters are critical for PVA models, and sensitivity analysis can be used 
to demonstrate how important those parameters are to the model. Because of the 
flexibility associated with PVA analysis it offers managers a range of possible outcomes 
and scenarios to fit their needs, and concerns when having to making a decision with 
limited information.  
There are different software programs available for PVA models and each offers 
different types of modeling options. There are two types of software available for 
individual based models GAPPS II (Harris et al. 1986, Cited by Brooks et al 1997) and 
VORTEX (Lacy et al. 1995, Cited by Brooks et al. 1997). For cohort-based models the 
INMA (Mills and Smouse 1994, Cited by Brooks et al. 1997), and RAMAS/ age v2.0 
(Ferson and Akqakaya 1990, Cited by Brooks et al. 1997) are available. VORTEX is the 
most often used and focuses on endangered species and conservation biology. Many of 
the other packages offer different objectives and therefore different parameters are 
included (Brook et al. 1997). Some packages are short term focused, include inbreeding 
depression, are age structured, and some incorporate metapopulation dynamics 
(RAMAS/metapop). Before choosing a software package for PVA analysis it is critical to 
determine which software will address the objectives. If none of these packaged models 
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meet all of the modeler’s objectives, a model can be created in other programing 
software, such as Excel (Donovan et al. 1995). There are suggestions on what should be 
included in a PVA analysis (e.g., demographic stochasticity, environmental stochasticity) 
(Ruggerio et al. 1994). Being able to build a model when software are not available, 
makes PVA a powerful tool.  
PVA models are data hungry (Reed et al 2002). The result is, as with most 
models, if the data are incorrect or unreliable then the outcomes and predictions are 
potentially irrelevant. Because there is often an imperfect knowledge base for species, all 
models should present results in probabilistic terms. Models also need to be vetted for 
inaccuracies. There is a concern with the packaged software that even those have not 
been validated enough for accuracy (Ellner et al. 2002; Reed et al. 2002). It is difficult to 
validate a model when there is limited information. Most of the data are used to create a 
model, which leaves little data available to verify and validate the model. A critical 
concern with PVA models is the assumptions made about population rates. Most PVA’s 
assume that these will not change within the modeling timeframe, or even 100 years from 
the most current estimate (Reed et al. 2002). If the population rates change, the model 
will not be able to accurately predict outcomes.   
 Short-term estimations may be helpful for managers in making a decision about 
management outcomes, but most PVA models report estimates 50 or 100 years into the 
future (Ellner et al. 2002).  The flexibility of PVA, and the ability to create a model 
specific to a species and geographic area make PVA’s difficult to compare (Fujiwara 
2007). These species-specific models also make it difficult for other modelers to replicate 
or adapt to other populations with similar life histories.  
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 The key components in a PVA model are demographic stochasticity, 
environmental stochasticity, population demographic parameters, and genetics (Lande 
2002).  Few PVA models include genetics in their assessments of population extinction. 
PVA’s were originally used in determining the minimum viable population size (Shaffer 
1981). Since that time, both the 50/500 conservation rules and the use of population 
extinction rates are known to be inappropriate ways to determine the minimum number of 
individuals required to sustain a population (Reed et al. 2002; Frankham et al. 2014). 
Genetics are key for managers when there are so few individuals inbreeding depression is 
a concern because there may not be enough genetic diversity for the population to 
continue to evolve (Bowlby and Gibson 2011). 
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Table 1. Number and mean total length (TL) of ages 0 to 5 Stonecats collected in Ohio (OH), 
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Figure 1. Known distribution of Stonecats in North America (Page and Burr 2006). 
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CHAPTER 2: PREDICTING STABILITY OF ENDANGERED STONECATS 
(NOTURUS FLAVUS) IN THE LAPLATTE RIVER, VT  
Abstract:  
Stonecats (Noturus flavus, Rafinesque 1818) in Vermont fit into a rare distribution 
pattern, as designated by Rabinowitz, because their known distribution is limited to two 
systems, the LaPlatte and Missisquoi rivers. Here we focus on Stonecats in the LaPlatte 
River to predict the stability of the population. In 2012, 2013, and 2014 we captured, PIT 
tagged (> 90 mm total length), and VIE marked all Stonecats collected using backpack 
electrofishing. A total of 1671 Stonecats was captured, and of those, 1252 were PIT 
tagged. Only 12% (N=156) of the PIT tagged fish were recaptured and only 22 were 
recaptured more than one time. We used the Pradel model in Program MARK to estimate 
the survival and seniority of Stonecats and these values were used to derive lambda (λ), 
the population rate of change. We ran a total of 64 models in our candidate set with the 
following covariates: total length, maximum temperature, season, maximum discharge, 
and area sampled. Model results estimated that survival was highest in the spring, and 
increased with increasing total length of individuals. We also estimated increases in 
capture probability with increasing area sampled. We derived an annual λ of 0.9826, 
which indicates a slightly decreasing population. With only three years of data and a low 
recapture rate, our estimate has some uncertainty. Although the population could be 
declining at a slow rate, we have provided insight into population parameters that were 
otherwise unknown. 
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Introduction  
 According to Rabinowitz (1981), there are seven forms of species rarity. These 
forms depend on the local population size (large or small), geographic range (large or 
small), and habitat specificity (wide or narrow) of the population in question. This leads 
to eight different combinations of traits and results in seven “rare” distribution patterns 
and one that is common (species with large geographic ranges, wide habitat specificity, 
and large local population sizes). Noturus spp., commonly referred to as madtoms, are 
cryptic nocturnal fish. There are 29 Noturus species, and many fit into Rabinowitz’s rare 
category, some having such narrow geographic ranges they are endemic to only a few 
streams (N. furiosus, Midway et al. 2010; N. placidus, Wildhaber et al. 2000). Madtoms 
require swift water (McCulloch and Franzin 1996; Burr and Stoeckel 1999; Kline and 
Morgan 2000) that flows over complex habitat, including boulders and cobbles that 
provide crevices for cover (Layher and Wood 1986; Burr and Stoeckel 1999; Kline and 
Morgan 2000).   
 While there are data available on Stonecats (Noturus flavus, Rafinesque 1818), 
most were collected in the 1950s to 1980s in the middle of the species’ geographical 
range (Gilbert 1953; Carlander 1969; Walsh and Burr 1985; Layher and Wood 1986; 
McCulloch and Stewart 1998). In the Meramec River, Missouri, and the Middle Fork 
Vermilion River, Illinois, Stonecats mature at ages 3 or 4 and rarely live more than six 
years (Walsh and Burr 1985). Stonecats have low fecundity (189-570 eggs/female) and 
lifetime fecundity is low because a typical female reproduces only two or three times 
(Walsh and Burr 1985).  
  31 
 In addition to low fecundity, several other factors may limit Stonecat populations. 
Stonecat populations have declined in areas of habitat alterations that cause increases in 
siltation or the creation of an impoundment (Kline and Morgan 2000; Langdon et al. 
2006; Sindt et al. 2011). However, rivers can be managed to benefit Stonecats.  For 
example, in the Assiniboine River, Manitoba, Stonecats benefited from river alterations 
where large rocks (rip-rap) were added to the river (McCulloch and Stewart 1998).  In 
addition to habitat limitation, cold temperatures at the northern edge of the Stonecat’s 
range (McCulloch and Stewart 1998; Kline and Morgan 2000; Pollard 2004), intolerance 
of pollution, and increased predation risk from stocked fish have been implicated in the 
low abundance of some Stonecat populations (Kline and Morgan 2000).  
 In some locations (e.g., Mississippi, Tennessee, and Virginia in the US; and 
Alberta, Canada), Stonecats are in need of conservation, but do not have legal protection 
(Pollard 2004; Mississippi Museum of Natural Science 2005; Tennessee Aquatic 
Nuisance Species Task Force 2008; Virginia Department of Game and Inland Fisheries 
2010). In Vermont, the Stonecat was listed in 1994 as endangered by the Vermont 
Agency of Natural Resources because its known distribution is limited to two tributaries 
of Lake Champlain, the LaPlatte and Missisquoi rivers (Langdon et al. 2006). The 
restricted distribution and lack of knowledge on abundance of Stonecats in either river 
were causes for concern in the continued survival of these populations. 
 Our goal in this study was to determine the stability of the population of 
Stonecats in the LaPlatte River. To do this, we conducted a mark-recapture study to 
estimate three vital population parameters: 1) apparent survival (the probability that an 
individual will survive and remain within the biotic system), 2) the probability of capture 
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(the probability that an individual will be captured, given it is present in the population), 
and 3) seniority (the probability that an individual was present in the population in 
previous time steps). These probabilities may be related to individual characteristics 
(such as length and weight), and/or related to habitat characteristics (such as temperature 
and discharge). From these probabilities, we derived an estimate of lambda (λ), a rate of 
population change. Lambda is simply the difference between the number of new 
individuals added to the population (1-seniority) and those individuals removed from the 
population (1- apparent survival). In a stable population, λ = 1 and indicates an 
unchanging population size, whereas λ > 1 indicates a growing population and λ < 1 
indicates a declining population.  
 The mark-recapture study was conducted in two sections of the river in which 
Stonecats would freely mix. Our objectives were to test for similarities in habitat metrics 
(depth, velocity, etc.) between the two sections, and  test the hypotheses that (1) total 
length, maximum temperature, season, or maximum discharge affects apparent survival; 
2) area influences the probability of capture; and 3) season, or maximum discharge 
affects seniority. Our study provides the first estimates of these key parameters for 
Stonecats in Vermont.   
Methods 
Study Area 
 The LaPlatte River, a 24-km long tributary of Lake Champlain (Figure 1), drains 
a watershed of 13,815 ha (Pelton et al. 1998). The watershed is approximately 20% 
forested, 47% agricultural, and 33% urban (Meals et al. 1999). The majority of the 
LaPlatte River consists of riffles with relatively swift current, which is ideal habitat for 
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Stonecats (Greeley 1926; Layher and Wood 1986; McCulloch and Franzin 1996; Kline 
and Morgan 2000; Banks and DiStefano 2002). The LaPlatte River is relatively shallow 
and consists mostly of riffles and runs, and a few pools. Stream width typically ranges 
from 10 to 14 m with substrate dominated by cobble, sand and silt patches, and some 
boulders. 
Sample areas were selected based on pilot sampling conducted in 2010 (K. Cox, 
Vermont Fish and Wildlife, unpublished data) in stream reaches with habitats similar to 
where Stonecats occur in other systems (Layher and Wood 1986; Kline and Morgan 
2000). We established two 200-m long study sections for the purpose of conducting 
frequent repeat sampling to increase recapture numbers. Section A was located above and 
below the Spear Street bridge (Figure 1). Section B, located 2.75 km downstream from 
Section A, was accessed through land owned by the Vermont Zen Center and the Upper 
LaPlatte River Natural Area, which is managed by the Lake Champlain Land Trust 
(Figure 1). Section A was delineated by pools, one above the section and one below. 
Section B was delineated at both ends by riffles. Approximately 1.2 km of the river 
between sections A and B was sampled on two occasions to determine if fish had 
emigrated from the section where they were tagged to that area.  
Field Sampling 
 We used backpack electrofishing, an effective method of sampling Stonecats in 
wadeable streams (McCulloch and Stewart 1998; Pollard 2004), in summer to autumn in 
2012, 2013, and 2014 to sample Stonecats in the LaPlatte River. Generally, DC 
electroshocker settings were: 200 volts, 25-30 Hz and 20-40% duty cycle. Because 
Stonecats are nocturnal, sampling was done at night, beginning no earlier than 0.5 hours 
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after sunset. Other required conditions were that discharge was CFS < 30 and water 
temperature was between 8 and 30 ºC. The crew began at the bottom of the section and 
sampled in a zig-zag pattern moving upstream until the entire section was completed. 
Stonecats collected were placed in live cars until workup upon completion of the section. 
For workup, Stonecats were anesthetized in a 100 mg/L concentration of MS-222. 
We recorded total length (TL, nearest 1 mm) and weighed (nearest 1 mg) all individuals 
captured. Stonecats ~ 90 mm or greater TL were marked with both a passive integrated 
transponder (PIT) tag (Biomark, Boise, Idaho, 134-kHz, 84 mm x 14 mm) inserted into 
the peritoneal cavity and a visible implant elastomer (VIE) mark in a variety of locations 
on fish (mostly fins and on body near fins) in a variety of colors as a batch mark for each 
date. Stonecats < 90 mm TL were marked with VIE only, which is an effective means of 
marking small fish with no adverse effects on future growth or survival (Phillips and 
Fries 2009). 
 Data on habitat covariates (wetted width, depth, velocity, substrate type, 
embeddedness, discharge, and temperature) were collected in the two sections using a 
stratified random approach (Fisher et al. 2012). Each section was stratified into 10-m 
segments and a random transect was chosen in each segment to record wetted width of 
stream, depth, velocity (Swoffer model 2100), substrate type (proportion of three most 
abundant in a 1-m2 quadrat, according to the Wentworth scale), and embeddedness 
(extent of substrate > 16 mm are covered, or sunken into silt, sand, or mud) at 1-m 
intervals (Stanfield 2010). Hourly flow rates were taken from a U. S. Geological Survey 
stream gauge located 2 km below section B. During the sampling season, four  
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Thermologgers (Thermochron iButtons® model DS1922L), two in each section, recorded 
hourly water temperatures.  
Data Analysis and Modeling 
 The mean values for water depth and velocity were calculated for each transect 
and natural log transformed to ensure a normal distribution of values (Brown et al. 2012). 
We used a one-way analysis of variance (ANOVA; JMP® Pro 10.0.0 bit Edition) to test 
for differences in the average water depth and velocity between the two sections.  
 We estimated demographic parameters from the mark-recapture data using the 
Pradel model within Program MARK (White and Burnham 1999). Program MARK uses 
a series of 1’s and 0’s to represent captures and non-captures.  For instance, a Stonecat 
that was captured on the first and third survey of a ten survey sampling effort has the 
encounter history of 1010000000.   Across animals, the pattern of 1’s and 0’s within the 
encounter histories allows estimation of the probability of capture (p), apparent survival 
(Φ), and seniority (γ) (Pradel 1996; White and Burnham 1999). 
Apparent survival, unlike true survival, is the probability that an individual is 
alive and remains in the population to be recaptured and remains unbiased when 
emigration and immigration of individuals are random (Pradel 1996). Thus, 1-φ is the 
probability that an individual exits the population via death or emigration.  Probability of 
capture is the probability that any individual available is captured during each sampling 
event. Seniority is defined as the probability that an individual alive in the population at 
time i, was also alive in the population at time i-1 (Pradel 1996).  Thus, 1-γ is the 
probability that an individual has been newly recruited into the population via birth or 
immigration.  A single Pradel model uses multinomial, maximum likelihood methods to 
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estimate all three of these parameters, plus any covariate effects that are included in the  
model. Given estimates of survival and seniority, we calculated the rate of change in the 
population size (λ).  
 We examined 64 alternative Pradel models that varied in their covariate 
structure (Table 1).  For apparent survival we considered the alternative effects of season 
total length at first capture (TL), maximum temperature (MaxTemp), maximum discharge 
(MaxCFS), additive combinations of the above-mentioned effects, and an intercept (dot) 
model where the probability of surviving from one time step to the next is equal. Season 
was defined by calendar year between combined sampling events. As a result, the spring 
survival rate included the effects of overwintering on individuals. We used season as a 
categorical effect because survival likely changes with season as individuals reproduce 
and with the additional stress of overwintering. Total length of individuals was used to 
represent possible predation pressure, (i.e., smaller Stonecats have higher mortality from 
stocked Rainbow Trout (Oncorhynchus mykiss) than larger ones; Kline and Morgan 
2000; B. Pientka, Vermont Fish and Wildlife, personal communication). The LaPlatte 
River is a system that is shallow and warm in summer. Therefore, we included maximum 
temperature as a covariate because stress was observed with temperatures > 30ºC. 
Maximum discharge is a concern because high flows can transport fish down river (B. 
Pientka, Vermont Fish and Wildlife, personal communication).  
 For detection probability (p), we considered two alternative effects: an area 
effect and an intercept (dot) model in which detection probability was constant across all 
sampling periods. Area sampled was used as an indicator of effort because the number of 
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individuals collected in each sampling event varied by season (Schlosser 1987; Brewer et 
al. 2006).  
 For seniority, we considered four alternative effects: season, maximum 
discharge, an additive model of both season and maximum discharge, and an intercept 
(dot) model where the seniority probability was constant. We anticipated that some 
individuals would be newly recruited into the population because of births, which is 
dependent on the season. Maximum discharge is similar except that we are accounting for 
individuals who may have been transported to a new location.  
 The candidate model set included the covariates total length at capture, season, 
maximum discharge and maximum temperature to estimate probability of survival. The 
covariate area was included for probability of capture. The covariates season and 
maximum discharge were included for seniority. All covariates were additive within the 
linear equation and no interaction terms were included.  
 All models were run in Program MARK using Markov Chain Monte Carlo 
(MCMC) to estimate parameters. Deviance Information Criteria (DIC), Bayesian 
Information Criteria (BIC) and Akaike Information Criteria (AIC) produced the same 
results, so we used AIC to compare the set of models given a set of pre-determined 
covariates (Posada and Buckley 2004). We used a prior of mean 0 and a standard 
deviation of 1.75 for estimating a distribution of each parameter in a given model. 
Results 
Field Sampling  
During the three years of electrofishing in the LaPlatte River, we captured 1671 
Stonecats and PIT tagged 1252 (Table 2). A total of 156 (12%) individuals were 
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recaptured and 22 were recaptured more than one time. Of those fish recaptured, 7% were 
recaptured in a different section than their original capture; seven Stonecats moved 
downstream and six moved upstream during the three years. Only 0.04% (6 of 156) of 
recaptured fish lost PIT tags.  
 There was no significant difference of velocity measurements in the two 
sections (ANOVA: F = 2.69, df = 1, 57, P =0.11), but section B was slightly deeper 
(ANOVA: F= 7.45, df = 1, 57, P=0.0085; Figure 2). There was little to no correlation 
between paired responses for depth, velocity, and embeddedness (Pearson Product- 
Moment Correlation; depth and velocity r= -0.0209; depth and embeddedness r= 0.0835; 
velocity and embeddedness r= 0.1636). There was unavoidable correlation among 
substrates because of using a proportional classification.  
Data Analysis 
 Across the three-year study, mark-recapture data were collapsed into eleven time 
periods in which a 1 was recorded if a given animal was captured or recaptured within a 
period, otherwise a 0 was recorded.  Time periods were grouped with a goal of retaining 
the assumption of a closed population from the start of a time period to the end of a time 
period. Each period included at least one sampling event at both sections.  
The eleven periods were analyzed to estimate survival (Φ), probability of capture 
(p), and seniority (γ).  Of the 64 models in the candidate set, the model Phi(Season+ TL) 
p(Area) Gamma(Season+ MaxCFS) was the top model. The next highest model was >10 
AIC units away. Thus, all inference is based on the top model (Table 3). In this model, 
apparent survival was a function of season and the initial starting length of an individual, 
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probability of capture was a function of area sampled within a period, and seniority was a 
function of season and maximum discharge between sampling periods.  
 Apparent survival was best described by covariates season and total length (TL). 
The seasons included spring, summer, and autumn. Because data could not be collected 
over winter, the spring season included overwintering individuals. On the logit scale, 
Stonecat survival was estimated as:  
 Φ(Autumn) = 2.716 ±0.173 + 0.003 * TL ±0.001 (mean ± SD) 
 Φ(Spring) = 7.009 ±0.579 +  0.003 * TL ±0.001 
 Φ(Summer) = 5.081 ±0.433 + 0.003 * TL ±0.001 
Autumn was estimated to have the lowest probability of daily apparent survival ranging 
from 0.9501 for 90 mm fish to 0.9628 for those 201 mm (Figure 3). Summer had the 
second lowest probability of apparent survival ranging from 0.9951 (90 mm) to 0.9964 
(210 mm). Spring had the highest probability of daily apparent survival ranging from 
0.9993 - 0.9995.  
In all models, the amount of area sampled for each sampling period was determined 
to be the best for probability of capture (Figure 4).  
 p = -3.288 ± 0.166 + 0.009 * Area ±0.001 (mean ± SD) 
With the different amount of area sampled during each sampling period the probability of 
capture ranged from 0.05 to 0.12 with increasing amounts of area sampled ranging from 
35-145/100 m2. 
Seniority was best described by season, and the covariate maximum flow (MaxCFS). 
Stonecat seniority was estimated as: 
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 γ(Autumn) = 2.833 ±0.127 + 0.003 ±0.0002* MaxCFS (mean ± SD) 
  γ(Spring) = 2.726 ±0.210 + 0.003 ±0.0002* MaxCFS 
γ(Summer) = 5.105 ±0.480 + 0.003 ±0.0002* MaxCFS 
The β estimates provided from Program MARK created an autumn daily seniority that 
ranged from 0.9455 at 10 MaxCFS to 0.9972 at 1000 MaxCFS. We also saw an increase 
in the spring from 0.9403 to 0.9970 and in the summer from 0.9941 to 0.9986 with 
changes from 10 to 1000 MaxCFS (Figure 5).  
 The daily rate of population change (λ) was derived from survival and seniority 
estimates (Appendix A for derivations) and varied greatly depending on the values of TL 
or MaxCFS used. The daily λ for autumn ranged from 0.953 to 1.0183 (Figure 6a), for 
spring from 1.0021 to 1.0628 (Figure 6b) and for summer from 0.9954 to 1.0022 (Figure 
6c). To better anticipate the range within a season, we averaged the daily λ’s. Those 
results were: λ= 0.9781 in autumn, λ =1.0235 in spring, and λ =0.9980 in summer. The 
MaxCFS varied substantially between seasons. So, to obtain better estimates, we 
recalculated λ using the average MaxCFS (autumn=99; spring=1011; summer=472) in 
each of the three years. Daily estimates were: λ= 0.9919-1.0052 in autumn, λ =1.0023-
1.0025 in spring, and λ =0.9965-0.9978 in summer, with changing total lengths from 90-
210 mm.  
 The estimated population change for the season was calculated by using the 
range of the daily λ raised to the power of the number of days in each season, because 
these are additive probabilities for each Stonecat. The estimate of λ for each season 
ranged from λ= 0.475-1.609 for autumn, λ =1.519-1.572 for spring, and λ = 0.726-0.818 
for summer, as the total lengths of fish increased from 90-210 mm. The average length of 
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Stonecats collected in the three years of sampling was 136 mm. We used this value to 
derive a single λ estimate for each season; λ = 0.698 for autumn, λ =1.524 for spring, and 
λ = 0.764 for summer. The geometric mean of the seasonal λ’s resulted in an annual λ of 
0.9826.  
Discussion 
 Our goal was to determine the stability of the population of Stonecats in the 
LaPlatte River. To do this, we conducted a mark-recapture study to estimate three vital 
population parameters: 1) apparent survival 2) the probability of capture, and 3) seniority. 
This study includes the first estimates of key population parameters for Stonecats in 
Vermont, and thus provides the best information on their current status. Unfortunately, 
we cannot compare our estimates to those of other studies because none exist. However, 
our results are reasonable estimates based on the use of biologically relevant information.  
 We expected seasonal differences in survival estimates, but we did not expect 
such large differences between autumn and the two other seasons. Spawning is often 
stressful for fish and an increase in mortality is not unusual. Stonecats reproduced in June 
and July, and autumn sampling occurred shortly thereafter.  Program MARK accounted 
for lower survival probability in the time step after spawning, which was autumn. 
Additionally, Stonecats likely had lower susceptibility to predation by stocked Rainbow 
Trout at larger sizes (B. Pientka, personal communication).  
Probability of capture increased as more area was sampled. The probability of 
capture overall was very low, never > 0.2. While unusual for some fish species, this is not 
unusual for madtoms, which are cryptic, nocturnal, and benthic. Within our study site, we 
successfully captured more individuals than we had anticipated; however, our recapture 
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rate was low (12%). We collected Stonecats at night when they were more susceptible to 
capture; yet, Stonecats are well adapted to hiding in the substrate. In this study, our 
collection permit required extreme measures to be taken to ensure that no Stonecats were 
harmed. As a result, we electrofished stream sections less often than would be ideal in a 
typical mark-recapture study. We also used less invasive methods, e.g., we did not disrupt 
the substrate with dip nets to retrieve fish that were stunned but not fully exposed. If a 
less stringent sampling protocol were allowed in future work, the probability of capture 
would likely be improved and would lead to better estimates of both survival and 
seniority.  
The highest seniority probability occurred in the summer, which may have been 
related at least one parent exhibiting nest guarding behavior (Greeley 1929; Walsh and 
Burr 1985). Stonecats likely remained in one location guarding nests in the summer, so 
the probability that an individual was present in the population during the previous time 
step increased. We obtained estimates of lower seniority, and as a consequence, an 
increased number of individuals added to the population (1-seniority), in autumn and 
spring. Although new individuals were added to the population in the summer during 
spawning, our model only recognized those that were PIT tagged. During summer, 
young-of-year fish were small, and despite ‘entering’ the population, they were unknown 
to the model until they grew large enough to be PIT tagged in the autumn and spring.  
With the possibility of a declining population, it is important to consider the 
implications from the model covariates. Stonecats are subjected to predation pressure, 
especially young of year. Perhaps, reducing the number of stocked Rainbow Trout in the 
LaPlatte River could increase survival rates of Stonecats. Although we did not confirm 
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the mechanism of increased probability of survival with increased Stonecat size, 
predation is a possible explanation. There should also be attempt to increase survival in 
the autumn after spawning stress. This might include decreasing sampling activity during 
the autumn. We also saw that the probability an individual would remain in the sampling 
section increased with increasing flow, regardless of the season.  Stonecats are 
morphologically adapted for handling high flow events because they are dorsoventrally 
flattened. Behaviorally, they are adapted to avoid high flow because of the residing 
within the substrate. 
Our study illustrates the success of a mark-capture study for Stonecats. The 
estimated annual λ of 0.9826 is suggestive of a slightly decreasing population of 
Stonecats in the LaPlatte River. Although the estimated decrease is concerning, we know 
there is uncertainty associated with any estimate and that the short time frame of our 
study, three years, may have contributed to the underestimate in the population stability. 
If the population is declining slowly, we cannot be sure of the mechanisms responsible 
for the decline. However, we have provided estimates of population parameters that were 
otherwise unknown. While our estimates would be improved with a greater number of 
recaptures, these are the best available for an endangered species in Vermont. Additional 
data collection and long-term mark-recapture sampling would provide greater insight into 
this otherwise cryptic species.   
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Table 1. A list of covariates that were used in the Pradel models in Program MARK. These 
covariates were used to test different hypotheses for each parameter.   
Parameter Covariate name Testing for 
   Capture (p)   
 
Area The amount of area sampled during the sampling period 
 
(.) No differences between sampling events 
Survival (Φ)   
 
Temp Maximum temperature between sampling periods  
 
Season The season between sampling periods 
 
TL Total length (mm) of the individual collected  
 
(.) No differences between sampling periods 
Seniority (γ)   
 
MaxCFS Maximum discharge 
 
Season The season between sampling periods 
 
(.) No differences between sampling periods 
   
  
48 
Table 2. Stonecats m
arked and recaptured during the 2012, 2013, and 2014 sam






ere collected on individual dates so Periods (N
=11) w
ere established for pooling data. M
ean (R









































































5/1-5/15   















7/15-7/31   















8/14-8/21    













9/4-9/19    













10/14-10/15   
  7 
65 
3 

































































Table 3. The top five Pradel m
odels, of the 64 m






















arked and recaptured Stonecats during the 2012, 2013 and 2014 sam
pling 







































































  9 
4666 
138 
  50 
 
 
Figure 1. The LaPlatte River originates in Hinesburg, Vermont and drains into Shelburne Bay, Lake 
Champlain (b). The two sampling sections were: the Spear Street bridge (Section A) and Vermont Zen 
Center (Section B), both located in Charlotte, Vermont. (c) We also sampled the area between the two 
sections on two occasions to increase recapture rates.  
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Figure 2. Depth and velocity at Spear Street Bridge (Section A) and Vermont Zen Center (Section B), 
both located in Charlotte, Vermont in 2012. Data were normalized and tested for significant differences 
using ANOVA. Black dots represent the physical measurements that were taken in the LaPlatte River. 
The diamond indicates the quartiles of the data with the 50th percentile being the widest point. There was 
no significant difference between velocity measurements (a).  Depth (b) was significantly greater in 
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Figure 3. Estimated survival probability model output, from our best performing Pradel model. Data are 
from the Stonecat mark-recapture histories collected during the 2012, 2013, and 2014 in the LaPlatte 
River, Vermont. Solid lines represent the estimated mean and the grey dashed lines represent the upper 
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Figure 4.  Estimated capture probability model output, from our best performing Pradel model. Data are 
from Stonecat mark-recapture histories from 2012, 2013, and 2014 in the LaPlatte River, Vermont.  Solid 
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Figure 5.  Estimated seniority probability model output, from the best performing Pradel model. Data are 
from Stonecat mark-recapture histories collected during the 2012, 2013, and 2014 in the LaPlatte River, 
Vermont. Solid lines represent the estimated mean and the grey dashed lines represent the upper and 
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Figure 6. Data are derived daily lambda rates, from our best performing Pradel model. Data represent the 
change in daily population rates given the increases total length (TL) and increases in maximum 
discharge (MaxCFS) for a Stonecat population. Total length and discharge were estimated to be the best 
representational covariates from our candidate model set for each season a) fall, b) spring, and c) 
Summer. Data are from the mark-recapture histories collected during the 2012, 2013, and 2014 sampling 
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Appendix A.  Pradel model derivations  
While strict population estimates are difficult to obtain when working with an open 
population the populations rate of change can be estimated. Estimates of survival and 
seniority were used to calculate the rate of change in the population (λ) and recruitment 
into the population. The rate of change in a population is described as: 
Eq 1. λ= Ni+1/Ni 
Where Ni is the size of the population in the current time step and Ni+1 as the population 
size in the next times step.  
We described the number of individuals in a population from one time step to the 
next as: 
Eq 2. Ni Φ i=Ni+1Yi+1 
 where Ni is the population at time step one , Φi is the probability of survival for that time 
step, Ni+1 is the population size in the next time step and Yi+1 is seniority.  Equation 2 can 
be modified by dividing Ni and Yi+1 from both sides to form Equation 1 allowing lambda 
to be calculated from our estimated values of probability of survival and seniority:  
Eq 3. (Φ i / Yi+1)=(Ni+1 / Ni) =λ  
We calculate recruitment from seniority as:  
Eq 4. Bi/Ni = 1-Y 
Bi/Nt is the per capita birth rate for a population. Seniority is the probability that an 
individual was alive in the previous time step, thus one minus seniority is the probability 
that an individual entered the population.  
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CHAPTER 3: WILL THE POPULATION SURVIVE? USING A 
POPULATION VIABILITY ANALYSIS FOR AN ENGANGERED 
STONECAT (NOTURUS FLAVUS) 
Abstract: 
Stonecats (Noturus flavus) are designated as a Vermont state-listed endangered species 
because their distribution is limited to the LaPlatte and Missisquoi rivers. The restricted 
distribution and lack of knowledge on abundance in either river is cause for concern for 
their continued survival. The Missisquoi River population has potential for increased 
intermittent mortalities from lampricide (3-trifluoromethyl-4-nitrophenol) treatment 
every four years and dewatering during drought conditions. In 2012, 2013, and 2014 we 
captured, PIT tagged, and VIE marked all Stonecats collected using backpack 
electrofishing and minnow traps in the LaPlatte and Missisquoi rivers. Stonecats were 
PIT tagged in the LaPlatte River (N=1252) and the Missisquoi River (N=125). Few 
Stonecats were captured in the Missisquoi River, so we used the PVA model to estimate 
extinction rates with increased intermittent mortalities on 4-, 6-, and 8-year cycles. With 
an initial number of 2000 individuals, the population became extinct 100% of the time 
with an increase in mortality of 0.1 on a 4-year cycle. Results indicate that the Missisquoi 
River population, in the area affected by lampricide, is at risk for extinction. These results 
are informative for developing future management scenarios, however, our approach has 
uncertainty that can only be addressed through obtaining more data. 
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Introduction 
 Population viability analysis (PVA) can be used to answer many different types of 
population questions such as the risk of toxic chemicals on species (Dickerson et al. 
1994), the risk of an invasive species introduction (Springborn et al. 2001), the risk of a 
population rebounding given introductions, or reestablishment (Wood et al. 2007; Kindall 
et al. 2011; Maslo and Fefferman 2015), and more commonly the risk of a population 
going extinct (Walters et al. 2002; Hudgens et al. 2011; Volampeno et al. 2015). 
Population size, genetic risk, and stochastic environmental effects are all examples of 
various PVA analyses (Shaffer 1981; Boyce 1992; Ruggiero et al. 1994; Reed et al. 1998; 
Walters et al. 2002).  PVA models are used to mathematically predict outcomes of 
varying management scenarios, and while imperfect, it offers a glimpse into a 
population’s possible responses (Reed et al. 1998). PVA models are most beneficial when 
a management decision has to be made when minimal information is available. This is 
particularly useful when the population of interest is listed as threatened or endangered 
(Walters et al. 2002).  
The Stonecat (Noturus flavus, Rafinesque 1818) is the only species in the genus 
Noturus (madtom) present in Vermont and is listed as endangered by the Vermont 
Agency of Natural Resources. Stonecats are listed as endangered because their 
distribution is limited to two tributaries of Lake Champlain, the LaPlatte and Missisquoi 
rivers (Langdon et al. 2006).  
Lake Champlain is bordered by the states of New York and Vermont and the 
Province of Quebec in Canada. The management of the open-water sportfishery in the 
lake includes the control of the parasitic Sea Lamprey (Petromyzon marinus). Tributaries 
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of the lake that contain sea lamprey larvae are treated every three or four years with the 
lampricide TFM (3-trifluoromethyl-4-nitrophenol). Despite the specificity of TFM for 
killing Sea Lamprey, some Stonecats have been killed inadvertently during TFM 
treatments in the Great Chazy River, NY, which has a relatively large population of 
Stonecats. There is some evidence that Sea lamprey occur in the LaPlatte River, but they 
are definitely present in the Missisquoi River. The first TFM treatment in the Missisquoi 
River occurred in 2008 and 22 Stonecats were found dead during the post-treatment 
assessment. After that treatment, it was imperative to determine the status of Stonecats in 
the two Vermont tributaries with known populations before any more TFM treatments 
were conducted on the Missisquoi River. 
To determine possible impacts of TFM on the Stonecat population in the 
Missisquoi River, we used the results from the LaPlatte capture-recapture data to run a 
PVA on the Missisquoi Stonecat population. We used a single population model with 
demographic stochasticity to predict the probability of extinction (Boyce 1992; Reed et 
al. 1998). Our objectives for the Stonecat PVA analysis were to test for probability of 
extinction given a variety of scenarios. Specifically, we altered the additional mortality 
rate and the number of years between stress events, such as TFM, in a formal PVA 
analysis.  
Methods 
Collection of data 
The Missisquoi River originates in Lowell, Vermont, then enters Canada for a 
short distance before reentering Vermont in East Richford. The river drains 2,200 km2 of 
northern Vermont and sections of Quebec, Canada into Lake Champlain at Missisquoi 
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Bay. There are seven dams on the Missisquoi River in Vermont, the first in Troy, and the 
last in Swanton. The Missisquoi River contains many habitat types, with much of the 
riffle habitat occurring between Swanton and Highgate dams. Stonecats have been 
collected only in sections downstream of the natural fall line at Highgate Dam (K. Cox, 
Vermont Fish and Wildlife, unpublished data).  
 We used backpack electrofishing and baited minnow traps to collect Stonecats. 
Both are effective methods of sampling Stonecats in wadeable streams (McCulloch and 
Stewart 1998; Pollard 2004). Generally, DC electroshocker settings were 200 volts, 25-30 
Hz and 20-40% duty cycle.  Sampling took place July to September 2012, May to 
October 2013, and June to October 2014.  Because Stonecats are nocturnal, sampling was 
done at night, beginning no earlier than 0.5 hours after sunset. Most of our sampling in 
the Missisquoi River was done with minnow traps. Typically 30 to 50 minnow traps were 
set in the early evening and checked the following morning.  Minnow traps were set and 
anchored in areas with large substrate below Swanton Dam in approximately 0.25-1 m 
water depth, such that minnow traps were fully submerged. Minnow traps were set when 
flows were below 1200 CFS, and water temperatures were < 30ºC.  
 We captured 171 Stonecats during the three sampling seasons and 125 were PIT 
tagged and 27 were recaptured (Table 1). With the low number of captures and 
recaptures, we did not have sufficient data from the Missisquoi River population so we 
used LaPlatte River data to structure the PVA (Chapter 2).  
Model Structure 
Our LaPlatte River Pradel model indicated that, apparent monthly survival was 
best described by covariates season and total length, and seniority was best described by 
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covariates season and maximum discharge (cfs); (Chapter 2). We did not include any age 
or cohort structure to our model so we used the average total length of collected fish as 
our total length value to estimate survival by season. We also did not include changes in 
maximum discharge in the PVA. Instead, we used the average maximum discharge 
calculated from the three years Stonecats were collected for each season to estimate the 
seniority distribution. In this way both survival and seniority could be represented strictly 
by season.  
One-month time steps were used in the PVA. The model operated using autumn, 
spring, and summer seasons. Because we were unable to collect specific winter survival 
or seniority estimates, the winter months had the same parameterization as the spring. 
May to July were subjected to summer rates, August to October were subjected to fall 
rates, and November to April were subjected to spring rates (Table 2).  
 For every time step, five different mathematical processes took place. A random 
value from a normal distribution of survival with its seasonally associated mean and 
standard deviation was chosen for every month. The same was done using the distribution 
of seniority. By randomly drawing from a distribution of survival and seniority estimates 
we were able to add demographic stochasticity into our model (Boyce 1992). Survival 
was divided by seniority, which derives lambda (λ) for that time step. Lambda is simply 
the difference between the number of new individuals added to the population (1-
seniority) and those individuals removed from the population (1- apparent survival). In a 
stable population, λ = 1 and indicates an unchanging population size, whereas λ > 1 
indicates a growing population and λ < 1 indicates a declining population. The population 
size in the previous time step was then subjected to the derived population rate of change. 
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The model, using a simple true-false equation, determined if it was a stress year. These 
values were not stochastic and were determined in the initial set-up for the scenario. If it 
was a stress year, the population was subjected to additional mortality that was also 
determined in the initial set up for the scenario.   
 We simulated five hundred trials each lasting 50 years for every scenario. The 
probability of extinction was calculated for each scenario, defining an extinct population 
as one with fewer than 100 individuals at the end of 50 years. Age structure or sex 
differences were not considered in this model.  
Model assumptions 
There were several assumptions made in the structure of the PVA model. The 
population could not fall below zero and there was no density dependence. The 
population only included individuals > 90 mm total length. The population size structure 
remained unchanged and the survival and seniority estimates applied to every individual 
in the population. The λ rate for every time step was derived from the randomly chosen 
survival and seniority distributions. Each season has an associated seniority and survival 
distributions, both of which are normally distributed with a mean and standard deviation. 
We assumed Stonecats in the Missisquoi had the same population structure as the 
LaPlatte River population and under unstressed conditions had the same mean and 
standard deviations of seniority and survival.  
Simulation scenarios  
We estimated the probability of extinction using a variety of scenarios. We were 
unsure of the population size of Stonecats located below the dam in Swanton, so we used 
starting population sizes of 1000 and 2000 individuals. TFM treatments occur on a 4-year 
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cycle, but we tested the effects of stress events on a 4-, 6-, and 8- year cycles to simulate 
the effects of varied treatment schedules. For the external stressors, we used six different 
additive mortality values, 0.0, 0.01, 0.03, 0.05, 0.1, and 0.15. We ran the model for every 
combination of these factors, which resulted in 36 different scenarios.  
We ran a sensitivity analysis on the survival and seniority means. We 
incrementally changed each mean value by 0.01 in both the positive and negative 
direction, up to 0.03, or a maximum value of 0.99. Only one parameter mean was altered 
at a time. The standard deviations remained the same as those estimated from the 
LaPlatte River Pradel Model. We did this using an initial population size of 2000 
individuals with an additive mortality rate of 0.05 on a 4-year cycle, which created an 
additional 33 scenarios.  
Results 
The probability of a population going extinct was particularly reliant on the initial 
population size. Even without any additional mortality, the probability that the population 
will go extinct was 90% with an initial population size of 1000 (Figure 1a). Additional 
mortality increased the probability of going extinct to 100% when additional mortality 
reached only 0.1 under any frequency cycle. With an initial population size of 2000 
individuals and no added mortality, the probability of extinction was 20% (Figure 1b). 
For this reason, the rest of the results will focus on scenarios where there was an initial 
population size of 2000 individuals. 
There were differences in probability of extinction depending on the frequency of 
the external stressor. On a 4-year frequency, the population would go extinct 100% of the 
time at a mortality rate of 0.1. On a 6-year frequency the population would go extinct 
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100% of the time at a mortality rate of 0.15. On an 8-year frequency the population 
would go extinct 99% of the time with a mortality rate of 0.15 (Figure 1b). All modeling 
scenarios trended toward an extinct population given an extended period of time.  
With an added mortality rate of 0.03, the probability of extinction was 58%, 44%, 
and 35% for the 4-, 6-, and 8-year cycles. With an added mortality of 0.05, the 
probability of extinction was 100%, 95%, and 85% for the different event frequencies. 
The PVA model was highly dependent on the additional mortality in each scenario, with 
higher extinction probabilities given greater added mortality. Altering any of the mean 
survival or seniority estimates greatly altered the probability of extinction. The model 
was most sensitive to changes in the autumn mean when either survival or seniority were 
altered. Increasing survival decreased the probability of extinction drastically, while 
increasing the seniority estimates increased the probability of extinction.  
Discussion  
 The PVA model results that showed increased extinction probability with the 
addition of mortality was not surprising, but the magnitude of those extinction 
probabilities was. Without any additional mortality, a population starting with 1000 
individuals had an extinction rate of 90% but dropped to 20% when the starting 
population size was increased to 2000 individuals (Figure 1b). This was likely due to the 
demographic stochasticity associated with the λ’s. The average λ in a calendar year was 
slightly <1, but due to the stochasticity of the model, the average λ over 50 years was 
consistently <1 and caused the population to decline. 
A surprising result was the sensitivity of the PVA model to the autumn mean survival 
and seniority rates. We had expected that altering the spring mean survival or seniority 
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rates would have a larger effect because there were twice as many spring months (6) 
compared to the autumn or summer (3). However, the model indicated the ratio of 
survival to seniority was driving the results. In the autumn, survival and seniority 
estimates of 0.25 and 0.27 are numerically very close, so altering one of them slightly 
caused the ratio (λ) to be >1 (Table 2).  
 There was a positive correlation between increased additive mortality and 
extinction rate. The magnitude of change in the extinction rate was also dictated by the 
frequency of stressor events. The greater the time between stressor events the less of an 
effect added mortality had on the probability of extinction. In our model, the Stonecat 
population went extinct after 50 years with an additive mortality of 15% regardless of the 
frequency of the stressor events or the number of individuals in the starting population.   
Our PVA analysis suggests that there is a reason to be concerned about the population 
of Stonecats located below Swanton Dam; however, there are gaps in our knowledge. We 
are unsure of the Stonecat mortality rate associated with TFM. We know Stonecats are 
sensitive to treatment events, but we do not have specific details on the probability of 
mortality for a single individual. We also do not know the number of individuals located 
in the area below Swanton Dam, which as observed, influences the probability of the 
population going extinct. Given there were 22 mortalities during the 2008 treatment, a 
mortality rate of 15% would mean there were 164 Stonecats located below Swanton 
Dam. However, if there is a 10% mortality rate associated with TFM then in the 2008 
treatment there would have been 220 Stonecats located below Swanton Dam. 
In the early years of TFM treatment (1958-1978) in the Great Lakes, Stonecats 
experienced near extirpation in two Lake Superior tributaries (Dahl and McDonald 1980). 
  66 
It is believed Stonecats were not extirpated from the Brule and Amnicon rivers, because 
surrounding untreated tributaries were a source for new individuals. There is additional 
evidence that Stonecats are able to persist with regular TFM treatments. The Great Chazy 
River in NY has been regularly treated with TFM since 1990 on a minimum 3-year cycle. 
Stonecats have been collected after every treatment during post-assessment surveys in 
large numbers.  In the 2012 and 2014 treatments approximately 750 Stonecats were 
collected in each of the post-treatment assessments (BJ Allaire, US Fish and Wildlife 
Service, unpublished data). The numbers of Stonecats in the Great Chazy River have 
remained high despite mortalities in each treatment. If TFM were negatively affecting the 
population to the point of extinction we would expect that the number of Stonecat 
mortalities would decrease with subsequent treatments. 
Another possibility is that the population of Stonecats below Swanton Dam is, in 
reality, a sink population. Stonecats are located above the Swanton Dam in the 
Missisquoi River. Those found below may be individuals from upstream populations that 
are not susceptible to treatment events. We do not have enough data to model this type of 
dynamic. Further research investigating these populations and their movement would be 
informative. A large assumption of our PVA model is that the Missisquoi population has 
the same population dynamics as the Stonecats in the LaPlatte River. It is possible that 
the assumption is incorrect, altering the foundation of our model. The only way to rectify 
those concerns and assumptions is by collecting more data, especially above the TFM 
treatment area. Until then, the PVA analysis offers a variety of possible scenarios for the 
added mortality on the Missisquoi River Stonecats.  
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Table 2. Survival and seniority estimates of Stonecats in the LaPlatte River obtained from the 
Pradel Model (Chapter 2) for spring, summer, and autumn seasons used in the Missisquoi River Stonecat 




Mean SD Mean SD 
Spring November-April 0.9811 0.0004 0.9132 0.0010 
Summer May-July 0.8771 0.0017 0.9576 0.0020 
Autumn August-October 0.2549 0.0035 0.2744 0.0053 
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Figure 1.  Probability of extinction of the Missisquoi River Stonecat population with an initial population 
of a) 1000 or b) 2000 individuals subjected to various magnitudes of added mortality on a 4-year cycle, 
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CHAPTER 4: GROWTH CURVE ESTIMATES FOR AN ENDANGERED 
SPECIES (NOTURUS FLAVUS) USING TWO METHODS 
Introduction 
Age estimates are often used to assess populations and to monitor changes in 
population structure through time. Making effective management decisions becomes 
more imperative in the case of a state listed species. In Vermont, the Stonecat (Noturus 
flavus, Rafinesque 1818) is listed as endangered by the Agency of Natural Resources 
because its known distribution is limited to two systems, the LaPlatte and Missisquoi 
rivers (Langdon et al. 2006). There is very little information available on Stonecats 
throughout their range and even less is known about the species in the Northeast. The 
restricted distribution and lack of knowledge of this species is cause for concern in the 
continued survival of these populations. 
 To effectively manage for this cryptic species, knowledge of basic life history 
traits including age distribution and growth is important. Hard parts including spines, 
vertebrae, and otoliths are commonly used to estimate ages of Ictalurids and other fish 
species (Gilbert 1953; Walsh and Burr 1985; Chan and Parsons 2000; Maceina et al. 
2007; Quist et al. 2012). Collection of these parts is most often lethal to fish. The 
endangered status of Stonecats in Vermont means we were unable to collect hard parts 
from our study populations; however, we could collect hard parts from Stonecats in the 
neighboring state of New York where they are not listed.  
 Our objective of this study was to use two methods to estimate growth metrics 
and create length at age data. We derived a von Bertalanffy growth equation using age 
estimates data of Stonecats collected in New York to estimate L∞, K, and the time at 
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which the length of a fish would theoretically be zero (t0) (Isely and Grabowski 2007). 
We used the Fabens growth model to estimate the asymptotic length of a fish (L∞) and 
the growth coefficient (K) from marked and recaptured Stonecats collected in Vermont 
(Isely and Grabowski 2007). The Fabens growth model is useful in endangered species 
studies because individuals do not have to be sacrificed.  
Methods 
Study sites 
 Stonecats in New York were collected from the Great Chazy River, which 
originates near Ellenburg, New York, and drains into northern Lake Champlain. The 
Great Chazy River is approximately 86 km long and drains a watershed of 790 km2. 
Stonecats were collected in portions of the lower 33 km of river. The two rivers sampled 
in Vermont were the LaPlatte and Missisquoi. The LaPlatte River is a 24-km long 
tributary of Lake Champlain and drains a watershed of 138 km2 (Pelton et al. 1998). The 
Missisquoi River is 130 km long and drains a watershed of 2,200 km2 of northern 
Vermont and sections of Quebec, Canada into Lake Champlain at Missisquoi Bay. 
Although from a different state, all Stonecats used were sourced from the same 
geographic region and are part of the Lake Champlain Basin.  
Spine data  
We collected Stonecats from the Great Chazy River, NY as part of a visual post-
assessment survey on October 17-19, 2012. Stonecats were mortalities from a lampricide 
treatment conducted on October 16-18, 2012. Stonecats were also collected on August 8-
9, 2011 and November 15, 2011 from the Great Chazy River as part of a bioassay study 
(M. Calloway 2011, U.S Fish and Wildlife Service, unpublished data). Stonecats 
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collected from the river were frozen as quickly as possible and taken to the lab. 
Individuals were later thawed and measured for total length (TL) to the nearest mm. We 
removed the dorsal spine at the base (Clugston and Cooper 1960; Paruch 1979; 
Buckmeier et al. 2002; Murie et al. 2009) and placed it in boiling water to remove excess 
flesh. Spines were set in epoxy to prevent the spine from splitting when cut and allowed 
to dry. Spines were cut into approximately 0.5-mm sections using a Buehler isomet low 
speed saw, and then glued to slides.  
 After setting criteria for annuli, three readers independently estimated the age of 
each spine twice using a dissecting microscope. A drop of mineral oil was placed on the 
spine section for easier reading. No specific magnification was required to retain the 
ability to focus on different sections of the spine to assure no annuli were missed. If there 
were differences among readers, the spine was read concurrently to arrive at an age 
estimate that could be agreed upon. In cases of no age agreement, the spine was removed 
from the analysis.  
Recapture data  
 Sampling in Vermont took place June to October 2012, May to October 2013, 
and June to October 2014. We used backpack electrofishing and minnow traps, both of 
which have been shown to be effective methods of collecting Stonecats (McCulloch and 
Stewart 1998; Pollard 2004). Minnow traps were set for 18-24 hours and checked in the 
morning after Stonecats stopped nocturnal movement.  
 Captured, unstressed Stonecats were anesthetized in MS-222 at a concentration 
of 100 mg/L. For each individual captured we measured total length (TL) to the nearest 
mm. All Stonecats greater than TL ~ 90 mm were marked with a passive integrated  
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transponder (PIT) tag (Biomark, Boise, Idaho, 134-kHz, 8.4 mm x 1.44 mm) inserted into 
the peritoneal cavity.  
Data analysis 
 We used the FSA Package (Ogle 2014) in Program R for both the von 
Bertalanffy and the Fabens models, which used a maximum likelihood procedure to 
estimate parameters. We bootstrapped the data 1000 times to obtain 95% confidence 
intervals (Appendix A).  The von Bertalanffy equation is:  
Lt= L∞ (1-e^-K(t-t0)) 
where lt is the length at time t. The Fabens model is: 
Ri= Mi +(L∞- Mi)(1-e ^ (-K∆ti)) 
where Ri is the length at recapture, Mi is the length at mark, and ∆ti is the duration an 
individuals is at large.  
The fundamental difference in the two growth models is that the Fabens model 
assumes length at t0= 0 and von Bertalanffy model does not. To examine the relationships 
between the two growth models, we calculated the percentage deviation between the 
predicted length from the von Bertalanffy model and the empirical from the recapture 
data (Nitschke et al. 2011).  
Results  
 Stonecats (N=177) from the Great Chazy River were used to analyze the growth 
curve using the von Bertalanffy model. Stonecats ranged from 44 to 193 mm total length 
(Table 1). The estimated growth curve for Stonecats from dorsal spines was: t= 175.1416 
± (8.7298)(1-e^(-0.6519 ± (0.1387)(t--0.9188± (0.1514)))) (Mean ± SE) (Figure 1; Table 
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1). Recaptured Stonecats (N=157) were used to analyze a growth curve using Fabens 
model. Stonecats ranged in total length from 87 to 186 mm and were at large from 0 to 
805 days.  The growth curve for Stonecats using the Fabens model was: t= 199.60873 ± 
(9.54802)(1-e^(-0.48207 ± (0.07613)(t-0))) (Figure 1; Table 1). The von Bertalanffy and 
Fabens models suggest asymptotic lengths of 175 mm and 200 mm and K values of 
0.48207 and 0.6519.  
The percentage deviations between the predicted length from the von Bertalanffy 
model and Fabens model from the recapture data were skewed slightly positive direction 
(Figure 2). This would indicate that the von Bertalanffy model predicted slightly higher 
growth than what was observed using Fabens model.   
Discussion 
 Knowing age and length of individual fish in a population is important for 
understanding the stability of the population. We were unable to collect spines from 
Stonecats in Vermont because they are listed as endangered. We could however, use 
capture- recapture data from Stonecats collected in Vermont to estimate growth using the 
Fabens model. We used Stonecat dorsal spines collected from the Great Chazy River, NY 
to create a von Bertalanffy growth equation, which we compared to the Fabens model. 
We used two independent methods to give more support for our estimated age-length 
relationship for Stonecats. 
Both methods had a similar asymptote maximum size (L∞), of 175 and 200, 
though different rates of growth (K; Table 1). Each growth model has different strengths. 
The data required for the Fabens model offers less uncertainty in the metrics because 
changes in total length and the number of days at large have little error as long as 
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accurate records are kept.  However, the model assumes a t0 of zero, which is not possible 
since a fish is >0 in length upon hatching. The growth curve estimated by the von 
Bertalanffy model can be inaccurate because of errors associated with age estimation. We 
recognize that our age estimates have not been validated (Campana 2001). We were 
unable to PIT tag and recapture individuals < 90 mm TL because they were too small to 
tag. We also could not rear Stonecats in the laboratory to observe when the first annulus 
was laid. We could not tag young-of-year Stonecats to kill later to check for the first 
annulus.  
 Growth curves are location-specific and our estimated growth curves are the 
only ones available for this geographic region. It is not uncommon for a species of fish to 
grow at different rates, given predation pressure, thermal constraints, and food 
availability. These estimated growth curves illustrate the variability of length-at-age 
estimates when compared to those previously published (Table 2).  However, there is 
overlap with the estimated length for different ages within the same model. These wide 
ranges in lengths for each age estimate would be more specific if we had recaptured a 
greater number of individuals and had more confidence in the estimate from spines.  
 Although the recommended procedures were followed to estimate the ages from 
Stonecat spines (Clugston and Cooper 1960; Paruch 1979; Buckmeier et al. 2002; Murie 
et al. 2009), there was often disagreement and uncertainty in the age estimates. Only ages 
agreed upon by three individuals were used in the analysis, but there was still a wide 
range of total lengths possible for ages 0 and 1 (Figure 1).  This gives pause to the 
legitimacy when these data alone are used, unless they can be validated. 
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 While the age estimates and growth curves as stated above are imperfect, they 
offer region specific estimates. We used two methods to estimate Stonecat growth curves 
using independent samples, and had similar results. The growth models also offer similar 
sizes at ages 3 and 4, which is when Stonecats reach maturity. Knowing the number of 
fish that are this size can offer a more accurate picture of the number of breeding 
individuals in the population. The estimated ages provides a clearer picture of the current 
Stonecat demographics, and sheds light on this cryptic endangered species.  
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Table 1. Growth parameter estimates from two different data sources. The Fabens model estimates 
were derived from capture-recapture data from Stonecats collected in 2012, 2013, and 2014 sampling 
seasons in both the LaPlatte and Missisquoi rivers, Vermont. Von Bertalanffy model estimates were 
derived from spines that were aged and were collected in October 2012 in the Great Chazy, New York. 
Standard errors are in parentheses. Abbreviations are asymptotic length of a fish (L∞), the growth 
coefficient (K), the length at time t (lt), length at recapture (Ri), length at mark (Mi), the duration an 
individuals is at large (∆t), and n is the number of individuals used to estimate the parameters. 




       Von 
Bertalanffy 
Lt= L∞ (1-e^-K(t-t0) 0.65 175.14 -0.92 177 44-193 
  (0.14) (8.73) (0.15)   
Faben’s 
method Ri= Mi +(L∞- Mi)(1-e ^ (-K∆ti)) 0.48 199.61  157 87-186 
  (0.07) (9.55)    
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Figure 1. Growth estimates from the Fabens model in gray and the growth curve estimate from the Von 
Bertalanffy is in black.  The mean is the solid line and the 95% CI are dashed. Black circles are the 
individual age estimates from each spine that was used to estimate the Von Bertalanffy model. The 
Fabens model estimates were derived from capture-recapture data from Stonecats collected in 2012, 
2013, and 2014 sampling seasons in both the LaPlatte and Missisquoi rivers, Vermont. Von Bertalanffy 
model estimates were derived from dorsal spines that were aged and were collected in October 2012 in 










Figure 2. The percentage deviation between the predicted length from the von Bertalanffy model, derived 
from aged dorsal spines that were from fish collected in October 2012 in the Great Chazy New York, and 
the empirical data from the capture-recapture data from Stonecats collected in 2012, 2013, and 2014 in 
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